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COATING MATERIAL OVER ELECTRODES TO SUPPORT ORGANIC SYNTHESIS 



Technical Field of the Invention 

The present invention provides a coating material formulation for layering a plurality of 
electrodes to provide a substrate for the electrochemical synthesis of organic oligomers. 
Specifically, the present invention provides a coating layer of from about 0.5 to about 100 microns 
thick and is composed of a mixture of controlled porosity glass (CPG) particles having an average 
particle size of from about 0.25 to about 25 microns, and a thickening agent. 

Background of the Invention 

Conventional oligonucleotide synthesis entails first binding the protected 3 f terminal 
nucleotide to a solid support by an ester linkage. The oligonucleotide is extended from the 3 f end 
by the addition of an appropriate sequence of additional protected bases. In other words, the 3' 
end of a nucleotide is attached to the 5' end of the elongating oligonucleotide. This process yields 
an oligonucleotide bound to the support at its 3' end. The oligonucleotide is then deprotected, 
which results in cleavage from the support, and then purified. 

U.S. Patent 3,890,417 describes a method for making a porous diaphragm suitable for use 
in electrolytic cells. The diaphragm is formed as a sheet from aqueous polytetrafluoroethylene 
(PTFE) suspension and a solid, non-porous particle additive. Porosity is imparted to the product 
by removal of the particulate additive. U.S. Patent 4,153,661 describes a similar method for 
making high tensile strength PTFE composite sheet material from aqueous PTFE suspension , and 
organic or inorganic particles which comprises mixing and calendering at an elevated temperature 
(50-100 °C) to produce a self-supporting film for use as an electronic insulator. U.S. Patents 
4,373,519; 4,460,642; 4,565,663 and 4,971,736 disclose methods for making water-swellable 
composite sheets having hydrophilic, absorptive particles enmeshed in the PTFE matrix for use as 
wound dressing and chromatographic supports. 

In each instance for oligonucleotide synthesis, it is important to provide a substrate solid 
phase material that contains terminal OH groups available to start a coupling reaction and that 
each synthesis step for the coupling reaction to create an oligomer (i.e., deprotection and capping) 
goes to completion. 

Summary of the Invention 

The present invention provides a coated semiconductor device having a plurality of 
electrodes embedded therein and exposed to an upper surface, and a coating layer coating the 
upper surface of the semiconductor device, wherein the coating layer is from about 0.5 to about 
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100 microns thick and is composed of a mixture of controlled porosity glass (CPG) particles 
having an average particle size of from about 0.25 to about 25 microns, and a thickening agent. 
Preferably, the thickness of the coating layer is from about 1 to about 25 microns. Most 
preferably, the thickness of the coating layer is from about 3 to about 15 microns. 
5 Preferably the thickening agent is selected from the group consisting of solid polymers of 

olefins such as polyethylene, polypropylene, polybutylene, polytetrafluoroethylene (PTFE), and 
polyvinyl difluoride; vinyl resins such as polyvinylchloride, polyacrylates, polyvinylacetate and 
polymethylmethacrylate; polycarbonates and polysulfones, optionally in combination with an acid 
selected from the group consisting of HC1, HBr, HI, HN0 3 , H 3 P0 4 , HC10 4 , acetic acid, sulfuric 
10 acid, organic acids (e.g., acetic acid, citric acid, malic acid, acids with the structure R - COOH, R 

- SO3H, and R - PO3H2X nitric acid phosphoric acid, and combinations thereof. Most preferably 
1^ the thickening agent is a resin, such as PTFE. More preferably, the PTFE particles are from about 
P 0.005 to about 1.0 microns. 

Preferably, the semiconductor device is made from silicon nitride and the electrodes are 
lfS made from platinum. 

$ The present invention further provides a formulation for coating a semiconductor device, 

\\ wherein the semiconductor device comprises a plurality of electrodes, comprising a mixture of 
* controlled porosity glass (CPG) particles having an average particle size of from about 0.25 to 
|^ about 25 microns, and a thickening agent. Preferably, the thickness of the coating layer is from 

about 1 to about 25 microns. Most preferably, the thickness of the coating layer is from about 3 to 
O aWuU5.ni.on, 

|*4 Preferably the thickening agent is selected from the group consisting of solid polymers of 

olefins, such as polyethylene, polypropylene, polybutylene; polytetrafluoroethylene (PTFE), and 
polyvinylfluoride, vinyl resins such as polyvinylchloride, polyacrylates, polyvinylacetate and 

25 polymethylmethacrylate; polycarbonates and polysulfones, optionally in combination with an acid 
selected from the group consisting of HC1, HBr, HI, HN0 3 , H3PO4, HC10 4 , acetic acid, sulfuric 
acid, organic acids (e.g., acetic acid, citric acid, malic acid, acids with the structure R - COOH, R 

- S0 3 H, and R - P0 3 H 2 ), nitric acid phosphoric acid, and combinations thereof. More preferably, 
the PTFE particles are from about 0.005 to about 1.0 microns. 

30 

Detailed Description of the Invention 

The present invention provides a coated semiconductor device having a plurality of 
electrodes embedded therein and exposed to an upper surface, and a coating layer coating the 
upper surface of the semiconductor device, wherein the coating layer is from about 0.5 to about 
35 100 microns thick and is composed of a mixture of inorganic porous material, such as controlled 
porosity glass (CPG) particles having an average particle size of from about 0.25 to about 25 
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microns, and a thickening agent. The present invention further provides a formulation for coating 
a semiconductor device, wherein the semiconductor device comprises a plurality of electrodes, 
comprising a mixture of controlled porosity glass (CPG) particles having an average particle size 
of from about 0.25 to about 25 microns, and a thickening agent. 
5 The inventive coating material mixes an inorganic porous material (i.e., CPG) and a 

selected thickening agent in a dry or solid weight ratio of from 5% to 99%, preferably from 30% 
to 95% porous material. The thickening agent is preferably provided as a particulate suspension in 
water. DuPont T-30 60% PTFE suspended in water, particle size 0.005 to 0.5 microns is 
preferred. CPG is a preferred inorganic porous material. Preferred CPG has an average particle 
10 size of from about 0.25 to about 25 micron. 

The coating material is preferably formed from a thick paste-like or pulp-like mixture of 
inorganic porous material, particulate synthetic resin (thickening agent) and water. The mixture is 
P then formed on the semiconductor device by a process of dipping followed by drying or through a 
j| silk screening or stenciling technique. In a preferred coating procedure, CPG (controlled pore 
lj| glass) having a particle size ground to 2-5 micron range with approximately 1000A pore size was 
U! weighed in a glass scintillation vial (150 mg) and water added (variable but often in the vicinity of 

800 |il) to form a slurry. The slurry is sonicated until a homogeneous suspension is achieved 
^ (anywhere from 2 to 60 min with about 10 min providing optimal results). PTFE latex (Aldrich 
H 44^ 509-6 60% aqueous dispersion, 55 (il) is added and stirred (e.g., Pyrex coated stir bar) to form 
3j| a suspended mixture. The suspended mixture is placed on a stir plate and allowed to stir (at 50 to 
jjfj 70° rP 111 ) at a rate below which frothing occurs for a time from about 10 min to 24 hours. The 
j„i result is a thickened suspension having a viscosity of from about 1 to about 10,000 cP and 

preferably from about 100 to about 1000 cP. The thickened suspension may be diluted with water 
to adjust viscosity. The thickened suspension is used to coat the surface of a microarray device. 
25 Once the device is coated with the thickened solution to form a coated surface, the surface is 

allowed to dry and then it is heated (oven) to enhance adhesion of PTFE to CPG particles and the 
surface of the electron-based semiconductor device. Oven temperatures for "baking" generally 
range from about 240 to about 400 °C. 

In addition, the slurry can be used to coat more than just semiconductor surfaces. For 
30 example, the slurry can be used to coat the inside of a reaction vessel, vial or wells of a microtiter 
plate and then derivatize the CPG particles. One example of such derivatization is by silanization 
to provide functional groups for the binding of biological moieties including cells and 
biomolecules. A general formula for the silicone compounds useful for silanization is: R-Si-X, 
wherein R represents an organic moiety with a terminal functional group such as an amino, 
35 hydroxyl, epoxy, aldehyde, sulfhydryl, phenyl, long chain alkyl or other group that will 

chemically react or physically absorb with the biological molecules and X may be a mono-, di-or 
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trialkoxy or halide group which will react with the silanol groups on the surface of the inorganic 
material The degree of silanization can be demonstrated through quantitative analysis of the 
respective functional groups. One example is treatment with trialkoxyaminopropyl silane to 
provide an amine functional group useful as a substrate to bind peptides or in situ peptide 
synthesis. 

Another is treatment with a glycosyl derivative followed by an acid, to incorporate an alkyl 
tethered hydroxyl terminated linker on which various sugars can be assembled through iterative 
rounds of deprotection and monomer coupling. 



This example illustrates the coating of a semiconductor device or "chip" having a plurality 
of electrodes wherein the electrodes cause an electrochemical reaction to regionally alter the pH of 
a solution covering the coated chip. Briefly, an aliquot (-750 micro liters) of thickened fluid 
CPG/Teflon (PTFE) mixture is placed in a microcentrifuge tube and an electrode-containing 
semiconductor device is slowly dipped into and removed from the fluid to give a coated 
semiconductor device. This part is allowed to dry for 1 hour at room temperature and is then 
heated using a stepped temperature ramp of 10 min at 100 °C, 10 min at 200 °C, 10 min at 300 °C 
and 30 min at 340 °C. It should be noted that both much faster and much slower temperature 
ramps can be expected to work for this procedure as well as some variation in final heating 
temperature. The oven is allowed to cool to ambient temperature over 3 hours and any excess 
CPG/Teflon material is removed using a swab. 



This example illustrates a process for coating a reaction vessel: An aliquot of thickened 
fluid CPG/Teflon mixture is placed in the vessel to be coated and rolled and tipped to produce a 
coating of the desired thickness. The vessel is then dried and subjected to a heating process as 
described in Example 1. 



This example illustrates a process for coating a microtiter plate. A heat -resistant 
microtiter plate is filled with thickened fluid CPG/Teflon mixture than slowly inverted to give a 
plate with all wells coated. After drying and heating as described for example 1, excess material is 
removed with a swab to give a microtiter plate with a discreet porous coating in each well. 



Example 1 



Example 2 



Example 3 



